General methods
Melting points were determined on an X4-Data microscopic melting point apparatus and were uncorrected. Nuclear magnetic resonance (NMR) spectra were measured on a Bruker Avance spectrometer. All reactions were monitored by analytical thin-layer chromatography (TLC) from Merck with detection by UV. The products were purified by column chromatography through silica gel (300-400 mesh). All reagents and solvents were general reagent grade unless otherwise stated.
The synthesis of L5-L6
CH 3 OH, acetic acid General procedure of CuI/L5 catalyzed Ullmann-type C-N coupling of aryl halides and nitrogen nucleophiles in water
To a stirred solution of H2O (5 ml) were added CuI (0.1 mmol, 19 mg), aryl halides (1.0 mmol), nitrogen nucleophiles (1.2 mmol), Cs2CO3 (2 mmol, 651 mg) and L5 (0.1 mmol) were added to the solution, subsequently the mixture was heated to 100 o C under air and stirred for 24 h. When the reaction was finished, the mixture was cooled and partitioned by adding the ethyl acetate (20 ml) and water (20 ml). Then, the organic phase was separated and the aqueous phase was extracted with ethyl acetate (20 ml) twice. The combined organic phases were washed with saturated brine, dried over Na2SO4, and concentrated in vacuo. Then the crude product was purified by column chromatography through silica gel, eluting with ethyl acetate/petroleum ether solvent mixture, to give the pure product.
General procedure of CuI/L5 catalyzed Ullmann-type C-N coupling of 4-iodoanisole and various indoles in water
To a stirred solution of H2O (5 ml) were added CuI (0.1 mmol, 19 mg), 4-iodoanisole (1.0 mmol, 234mg), indoles (1.2 mmol), Cs2CO3 (2 mmol, 651 mg) and L5 (0.1 mmol) were added to the solution, subsequently the mixture was heated to 100 o C under air and stirred for 24 h. When the reaction was finished, the mixture was cooled and partitioned by adding the ethyl acetate (20 ml) and water (20 ml). Then, the organic phase was separated and the aqueous phase was extracted with ethyl acetate (20 ml) twice. The combined organic phases were washed with saturated brine, dried over Na2SO4, and concentrated in vacuo. Then the crude product was purified by column chromatography through silica gel, eluting with ethyl acetate/petroleum ether solvent mixture, to
give the pure product.
The spectral data of the products 6, 137.8, 128.9, 128.7, 126.5, 125.5, 121.0, 120.3, 112.4, 55.8 5, 136.7, 133.9, 131.3, 129.3, 128.8, 126.9, 126.6, 120.5, 17.6 4, 143.8, 142.6, 134.3, 129.2, 125.8, 123.6, 122.6, 120.5, 115.1, 110.4, 55.7 24, 144.14, 134.71, 128.27, 121.17, 118.53, 114.62, 113.64, 54.55 136.39, 132.90, 128.99, 128.28, 126.01, 122.16, 121.02, 120.09, 114.76, 110.37, 102.91, 55.58 . 62, 137.15, 132.39, 128.92, 127.67, 126.21, 126.16, 122.72, 119.81, 114.82, 109.09, 101.43, 55.63 2H), 3H), 2H), 6.62 (dd, J = 3.2, 0.4 Hz, 1H) , 3.91 (s, 3H).
MS (EI)
:
13
C NMR (100 MHz, CDCl3) δ 158. 54, 135.09, 132.31, 130.64, 129.49, 125.99, 124.99, 123.47, 114.86, 111.91, 102.39, 55.65 90, 136.42, 133.08, 129.35, 125.88, 125.67, 122.14, 119.46, 119.09, 114.70, 112.12, 110.22, 55.60, 9.59 
